Intermittent exotropia (IXT) has been classified into four types by Burian: basic, divergence excess, pseudo-divergence excess, and convergence insufficiency \[[@B1]\]. The convergence insufficiency type, characterized by near deviation exceeding the distance deviation by at least 10 prism diopters (PD), is uncommon in children with IXT and accounts for 1.2% to 7.8% \[[@B2]\].

Surgical treatments for this type of IXT include bilateral medial rectus (MR) resection with or without a slanting procedure, unilateral lateral rectus (LR) recession with MR resection, bilateral LR recession with or without a slanting procedure, and MR resection with an adjustable suture \[[@B3][@B4][@B5][@B6][@B7][@B8]\]. Since many surgical methods have been proposed, papers investigating and comparing the surgical effects have been reported \[[@B9][@B10][@B11]\]. Snir et al. \[[@B3]\] have reported a 92% success rate at one year after slanted LR recession for convergence insufficiency type IXT. Since only short-term results of slanted LR recession of convergence insufficiency IXT have been reported, this study was designed to evaluate the long-term efficacy of slanted LR recession on distance and near exodeviation and near-distance deviation difference in children with a near deviation angle exceeding the distance deviation angle by at least 10 PD.

Materials and Methods
=====================

This study retrospectively analyzed 53 patients with convergence insufficiency type exotropia who underwent slanted bilateral LR recession by a single surgeon (SJL) between February 2009 and September 2017 and were followed up for more than 12 months. Patients with a near deviation angle exceeding the distance deviation angle by at least 10 PD were defined as having convergence insufficiency type of exotropia.

Patients with other types of strabismus including paralytic or restrictive strabismus, amblyopia, other ocular diseases, history of ophthalmic surgery including prior strabismus surgery, nystagmus, congenital anomalies, neurologic abnormalities, and chromosomal or systemic diseases were excluded.

Preoperative best-corrected visual acuity and refractive errors were measured, and glasses were used when necessary. Following the cover-uncover test, an alternate prism cover test was performed at near (33 cm) and distance (6 m). Preoperative stereopsis was evaluated by Titmus stereoacuity test (Stereo Optical, Chicago, IL, USA), and stereopsis worse than 100 arc/sec was defined as poor.

All the operations were performed under general anesthesia by the same surgeon. Following a forniceal-conjunctival incision, slanted LR recession was performed. The amount of recession of the upper pole was based on the distance deviation angle, and that of the lower pole was based on the near deviation angle. Surgical dose was based on Park\'s method. To calculate the corrective effect of slanted LR recession on the near-distance difference, the mean reduction in near-distance difference was divided by the mean difference between recession amounts of the upper and lower poles.

Deviation angles and limitation of eye movements were examined at 1 day, 1 week, 1 month, 3 months, 6 months, and 12 months postoperatively and on the last visit. The angle of deviation was considered positive for exodeviation and negative for esodeviation.

Surgical success was defined as postoperative residual distance and near deviation angles ≤8 PD and a difference between near and distance angles ≤8 PD \[[@B3]\]. Overcorrection, or consecutive esotropia, was defined as postoperative esodeviation \>8 PD, and recurrence was defined as postoperative exodeviation \>8 PD. The patients were divided into three groups according to deviation angle on the first day after the operation: esodeviation \>8 PD, residual deviation angle ≤8 PD, and exodeviation \>8 PD. The patients were classified as esodeviation or exodeviation if either the distance or near deviation angle exceeded 8PD. The difference in success rate was compared between the groups.

Statistical analyses were performed with the paired *t*-test and chi-square test using PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). A *p*-value less than 0.05 was considered statistically significant.

The study protocol was approved by the institutional review board of Inje University Haeundae Paik Hospital (HPIRB 2018-06-014-002) and adhered to the declaration of Helsinki. Informed consent was waived due to the retrospective nature of the study.

Results
=======

A total of 60 patients with convergence insufficiency type exotropia who underwent slanted bilateral LR recession within the period between February 2009 and September 2017 were identified. Seven patients were excluded with insufficient follow-up. The inclusion criteria were met by 53 patients (23 boys and 30 girls). The mean age at the time of surgery was 7.5 years (range, 3 to 15 years), and mean duration of follow-up was 24 months (range, 12 to 61 months) ([Table 1](#T1){ref-type="table"}). The follow-up period was one year in 30 patients, two years in nine patients, three years in nine patients, four years in four patients, and five years in one patient.

On the Titmus stereoacuity test performed before surgery, 47 patients showed stereopsis ≤100 arc/sec, whereas six showed poor stereopsis \>100 arc/sec. Mean preoperative stereopsis was 66.7 arc/sec, and postoperative stereopsis was 65.1 arc/sec, and there was no significant difference (*p* \> 0.05). The mean surgical amount of recession was 5.6 mm (range, 4 to 8 mm) in the upper pole and 7.3 mm (range, 6 to 9 mm) in the lower pole. The mean difference between the recession amounts of the upper and lower poles was 1.7 mm (range, 1 to 3 mm).

The mean distance deviation angle significantly decreased from 23.2 ± 5.1 PD (range, 14 to 40 PD) preoperatively to 2.6 ± 7.6 PD (range, −18 to 20 PD) postoperatively (*p* \< 0.0001). The mean near deviation angle decreased significantly from 33.8 ± 5.1 PD (range, 25 to 50 PD) preoperatively to 6.2 ± 10.2 PD (range, −18 to 30 PD) postoperatively (*p* \< 0.0001). The mean difference between the near and distance angles decreased significantly from 10.6 ± 1.5 PD (range, 10 to 17 PD) preoperatively to 4.0 ± 4.4 PD (range, 0 to 16 PD) postoperatively (*p* \< 0.0001) ([Fig. 1](#F1){ref-type="fig"}). Every millimeter of difference between the upper and lower poles of the slanted recession reduced the difference between the near and distance angles of exodeviation by 4.6 PD.

During follow-up, five patients showed overcorrection at distance, while 10 showed overcorrection at both near and distance. All patients with overcorrection were treated with alternating eye patching, and five of them showed improvement. Among the 10 patients who did not improve, six were prescribed prism glasses, and four underwent reoperation for consecutive esotropia. One of the six patients prescribed with prism glasses showed improvement and stopped using glasses, but five of them continued wearing them. None of the patients manifested limitation of eye movements or diplopia during follow-up.

Postoperative residual deviation angle ≤8 PD was noted in 40 (75.5%) patients for distance and in 33 (62.3%) for near deviation. A near-distance difference ≤8 PD was measured in 43 (81.1%) patients. Surgical success indicating satisfaction of all three conditions was achieved in 31 (58.5%) patients.

Recurrent exotropia occurred in four patients, two of the basic type and two with the convergence insufficiency type, and all of them underwent reoperation. At the last follow up, none of the patients demonstrated A--V pattern misalignment.

Surgical success was achieved in 22 of 31 patients with esodeviation \>8 PD, seven of 18 patients with residual deviation angles ≤8 PD, and two of four patients with exodeviation \>8 PD on the first day after the operation. There was no statistically significant difference in success rate among the three groups (*p* = 0.084).

During the minimum observation period of one year, success rates of deviation at distance and near and near-distance difference were highest at one month ([Table 2](#T2){ref-type="table"}).

Discussion
==========

Convergence insufficiency type IXT is one of the four types of IXT classified by Burian \[[@B1]\] and refers to IXT with near deviation exceeding the distance deviation by at least 10 PD. To date, various attempts have been made not only using MR, but also LR to correct the distance and near exodeviation and to reduce the difference between near and distance deviation. Haldi \[[@B12]\] proposed bilateral MR resection and reported that near exodeviation decreased to \<10 PD in 50% of the patients. Kushner \[[@B13]\] also performed bilateral MR resection and reported an under-correction rate of 83% for the near deviation angle at one year postoperatively.

Based on the hypothesis that MR primarily affects near deviation and LR affects mainly distance deviation, unilateral MR resection and LR recession were performed \[[@B14]\]. Kraft et al. \[[@B15]\] reported that near deviation and near-distance difference decreased in all patients after unilateral augmented MR resection and LR recession; however, 18% of the patients showed consecutive esotropia, and all the patients had abduction limitation.

Slanted LR recession was introduced by Snir et al. \[[@B3]\] based on Scott\'s investigation. Scott \[[@B14]\] reported that the fibers of the upper and lower poles of the LR muscle are the same length at the primary position, but the upper muscle fibers lengthen from 40.0 to 41.5 mm and the lower muscle fibers shorten from 40.0 to 37.1 mm during down gaze and in near vision. This means the lower fibers are shorter and thus stronger than the upper fibers at near vision, and by recessing or weakening the lower muscle fibers more than the upper fibers, exodeviation in near deviation can be reduced. Moreover, the near-distance difference can be reduced by balance of the upper and lower muscle fibers at the new insertion site.

Snir et al. \[[@B3]\] performed slanted LR recession in IXT patients with convergence insufficiency (unilateral surgery in seven patients and bilateral in five) and reported that residual distance and near exodeviation and near-distance difference were ≤8 PD in 92% at 12 months postoperatively. Song and Lee \[[@B16]\] compared slanted bilateral LR recession and standard bilateral LR recession in convergence insufficiency IXT and reported that the surgical success rate was significantly higher in the slanted group (35% vs. 7%). Chun and Kang \[[@B17]\] performed slanted bilateral LR recession and reported that residual distance and near exodeviation and near-distance difference were ≤8 PD in 83.9% of patients at 6 months postoperatively.

In this study, the researchers performed slanted LR recession in 53 patients with IXT with convergence insufficiency. A 1-mm difference between the upper and lower poles of the slanted recession reduced the near-distance difference by 4.6 PD, which was consistent with the results of Snir et al. \[[@B3]\].

At the last follow-up, more than one year postoperatively, the residual deviation angles were ≤8 PD in 75.5% for distance, 62.3% for near, and 81.1% for the near-distance difference. Out of 53 patients, 31 showed surgical success, which was defined as postoperative residual distance and near deviation angles ≤8 PD and a difference between near and distance angles ≤8 PD. Consecutive esotropia was observed in nine patients (16.9%).

Residual distance and near deviation angles and a difference between near and distance angles ≤8 PD was obtained in 69.8% of patients at 6 months postoperatively and in 50.9% at 12 months postoperatively. These percentages were lower than those reported by Chun and Kang \[[@B17]\] and Snir et al. \[[@B3]\], which were 83.9% and 92%, respectively; this could be due to the larger sample size in the current study compared to these previous two studies. Moreover, the mean age of patients in the current study was 7.5 years, while that of Chun and Kang \[[@B17]\] was 9.2 years, and that of Snir et al. \[[@B3]\] was 16.9 years. The possibility that a more accurate angle of deviation was not measured due to lack of cooperation might also attribute to the low success rate of the current study. Compared with other surgical methods, the surgical success rate at one year postoperatively was higher than that found with bilateral MR resection performed by Kushner \[[@B13]\], and the occurrence of consecutive esotropia was lower than that of unilateral MR resection and LR recession reported by Kraft et al. \[[@B15]\].

Kushner \[[@B18]\] reviewed insertion slanting recessions or biased resection for treating A- and V-pattern strabismus and asserted that it is the recession or resection itself, not the slanting, that affects the outcome. With convergence insufficiency IXT, however, higher success rates were reported in slanted recession compared to conventional LR recession \[[@B16][@B19]\]. Although the current study did not directly compare conventional and slanted recession for convergence insufficiency, it can be concluded that slanting surgery is effective for convergence insufficiency, as with previously reported results.

There have been reports that early overcorrections are related to final surgical success in exotropia \[[@B20][@B21][@B22][@B23]\]. In this study, there was no significant difference in final success rates between esodeviation \>8 PD, residual deviation angles ≤8 PD, and exodeviation \>8 PD at 1 day postoperatively.

With respect to success rates during follow-up, distance and near deviation and near-distance difference were the highest at 1 month postoperatively. In distance deviation, success rates at 1 day and 1 week postoperatively were 41.5% and 56.6%, respectively, which may be due to overcorrection observed in 58.5% and 43.4% of patients. The best success rate 1 month postoperatively in our study was attributed to high rates of overcorrection at distance 1 day and 1 week postoperatively.

The present study is limited by a relatively small population size, its retrospective nature, and lack of a control group. Additionally, the numbers of patients in the groups over the follow-up period were not even, resulting in inaccuracy of the comparison of success rates during follow-up. However, the research is meaningful as a study of relatively long-term postoperative results, with a mean follow-up period of 24 months.

In this study, slanted LR recession was found to be an effective technique for reducing not only distant and near deviation angles, but also the near-distance difference. In addition, it is considered a safe procedure with few complications such as abduction disorder and diplopia. Moreover, the effect of slanted LR recession was maintained for more than one year in the current study, indicating it as an effective treatment for convergence insufficiency type IXT.
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###### Preoperative patient characteristics
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Values are presented as number (%) or mean ± standard deviation (range) unless otherwise indicated.

###### Success rates according to postoperative period
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Values are presented as number (%).

^\*^Cumulative number of patients in the follow-up period; ^†^Number of patients with distance deviation angle ≤8 prism diopters; ^‡^Number of patients with near deviation angle ≤8 prism diopters; ^§^Number of patients with a difference between near and distance deviation angles ≤8 prism diopters; ^Π^Number of patients with distance and near deviation angles ≤8 prism diopters and a difference between near and distance angles ≤8 prism diopters).
